the same assembler, rather than in separate synthetic routes that each need individual optimization to produce good yields. Moreover, the different types of promoter that are usually required to provide different stereoisomers are all contained in one molecular machine, and can be accessed selectively simply by changing the assembler's protonation state (that is, by changing the pH of the reaction conditions).
Kassem and colleagues' molecular assembly method has parallels with a technique called solid-phase synthesis, the development of which led to the award of the 1984 Nobel Prize in Chemistry 7 . In this approach, starting materials are attached to a macroscopic solid support and undergo a sequence of reactions before the final product is detached and isolated. Solid-phase synthesis eliminates the need to isolate and purify the compounds produced at each step of a synthetic route, and the consequences of this have been revolutionary for two areas in particular: peptide synthesis and DNA synthesis. For example, DNA chains containing 50-100 nucleotides are now prepared routinely using commercially available machines, and the only mechanical operations needed are filtrations and the opening and closing of valves.
The solid-phase synthesis of DNA and peptides is relatively simple, because there are just 4 different nucleotides from which DNA can be made, and only 20 types of amino acid are needed to construct most naturally occurring peptides. But developing a general solid-phase method for synthesizing other types of organic molecule is a daunting, complex challenge, because the number of known organic molecules that could be used as building blocks is upwards of 100 million 8 and increasing daily. Nonetheless, efforts to automate organic synthesis using solid-phase methods have begun 9 . In theory, molecular assemblers offer an alternative strategy, but it is too early to tell whether they will offer advantages over solid-phase synthesis.
As is the case for many people, the left and right hands of the machine described by Kassem et al. carry out their programmed tasks with different efficiencies. Moreover, the pseudo-symmetrical left-and righthanded chemical groups on the two ends of the machine probably operate quite differently from each other, in ways that are not always easy to predict. As the authors point out, it is therefore partly good fortune that their machine selectively prepares each of the four possible products (even if only as the major component of product mixtures) in the different reaction sequences. Chemists' limited understanding of -and control over -such issues of selectivity is often a challenge in the development of new reactions.
It is commonplace to dismiss seemingly impossible ideas, such as Drexler's molecular assemblers, out of hand, and the use of such devices in chemical synthesis might indeed never find favour. One could further argue that Kassem and colleagues' "programmable molecular machine" is more contrived than ingenious. But given that the most recent chemistry Nobel prize was awarded for the design and synthesis of molecular machines, those who dismiss the concept of molecular assemblers should heed the lesson of Lord Kelvin's infamous 1895 pronouncement 10 
ed hair has long been a subject of fascination in many cultures, and it is increasingly capturing the attention of scientists. On page 399, Chen et al. 1 report work in mouse models and human cells showing that the risk of skin cancer associated with certain versions of a protein connected to red hair can be reduced by increasing the degree to which this protein is modified by a lipid.
Melanocyte cells in the skin and hair follicles make a pigment called melanin, and can give rise to the deadly skin cancer melanoma. Melanin protects the skin against ultraviolet radiation from sunlight, which can cause DNA damage and possibly result in harmful mutations. The type of this pigment made by melanocytes is governed by the action of the MC1R protein. MC1R stimulation results in production of a dark form of melanin called eumelanin, but if MC1R signalling is low or absent, the primary type of melanin that is produced is a red or orange form called phaeo melanin (Fig. 1) . Almost all red-haired individuals have a version of MC1R with reduced or absent signalling capacity, and most have fair skin that doesn't easily tan 2 . The MC1R gene was first identified in mice in which a loss-of-function mutation of the gene causes yellow fur 3 . Many other species also have pigment alterations associated with specific versions of MC1R, as is the case, for example, in dogs with red or yellow coats 4 . Humans who have ancient European ancestry often have variant forms of MC1R, and these differ in the strength of their association with red hair 5 : some variants almost always cause this coloration, whereas others have a weaker connection. MC1R variation is necessary, but not always sufficient, to produce red hair, suggesting that most variants retain some signalling activity that may be masked or enhanced depending on other genetic or cellular factors 5 . Chen et al. conducted a screen using human melanocytes grown in vitro to try to identify molecules that enhanced signalling downstream of MC1R in some versions of the protein that are associated with red hair. They found that the fatty-acid molecule palmitate met this criterion. This finding is notable because if palmitate is attached to a protein in a process known as palmitoylation, it adds a hydrophobic component that enhances the protein's interaction with the cell membrane. It is probable that such a change would increase MC1R targeting to, or time spent at, the cell surface, and thereby could be a mechanism to regulate the receptor's activity.
MC1R is a member of a large family of cellsurface proteins called G-protein-coupled receptors, which share common cell-signalling mechanisms. Many of these receptors are known to be palmitoylated. Although MC1R had not previously been shown to be modified in this way, it has an amino-acid group near its carboxy terminus that is characteristic of a palmitoylation site. Moreover, red and yellow dogs that lack MC1R signalling have a mutation that removes this site from the protein 4 , CELL SIGNALLING
Red alert about lipid's role in skin cancer
Some versions of the MC1R protein are associated with red hair and an increased risk of developing a skin cancer called melanoma. It emerges that a lipid that binds MC1R might provide a target to reduce this risk. See Letter p.399
suggesting that the site might be important for MC1R function.
Chen and colleagues demonstrated that MC1R is palmitoylated in human cells grown in vitro. They found that the level of palmitoylation increased in response to UV treatment and stimulation of the receptor by the peptide hormone α-MSH, which is produced by surrounding keratinocyte cells after UV damage. An increase in the level of palmitoylation of MC1R led to an increase in MC1R-mediated signalling and activation of the melanin-production pathway. The authors also tested an MC1R variant that cannot be palmitoylated; this receptor lacked signalling activity, whether or not it was stimulated by UV light. Notably, mice used by the authors that are engineered to have this MC1R variant are yellow, indicating the absence of MC1R function.
Palmitoylation is mediated by a family of palmitoyl transferase enzymes called ZDHHC proteins. By testing a panel of these proteins for their ability to modify MC1R in cells, Chen and colleagues identified ZDHHC13 as an enzyme that might be responsible for MC1R palmitoylation. When the authors increased or decreased the level of ZDHHC13 in cells, this respectively enhanced or reduced the level of both MC1R palmitoylation and receptor signalling in response to UV exposure. Furthermore, they found that the enzyme ATR -which is activated after DNA damage induced by UV exposure -responds to UV treatment by adding a phosphate group to ZDHHC13. Phosphorylation of ZDHHC13 leads to an increase in the interaction between ZDHHC13 and MC1R. This suggests a potential mechanism whereby UV damage of DNA could feed back to cause an increase in MC1R signalling, which the authors show can stimulate DNA repair. However, a possible problem with this model is that mice that have zdhhc13 mutations do not seem to have MC1R defects, and although they have some hair-growth defects, their hair colour is unaffected by the mutation 6, 7 . Perhaps another ZDHHC-family enzyme modifies MC1R in vivo, or ZDHHC13 does so only in response to DNA damage.
To investigate whether enhanced MC1R palmitoylation could affect melanoma formation, the authors used a mouse model in which melanocytes contain a Braf gene alteration that increases the probability that melanoma will arise in response to UV exposure 8 . The authors observed that mice that also either lack MC1R or carry a common MC1R variant associated with red hair in humans develop tumours more rapidly after UV treatment than do the mice that have only the Braf mutation. However, before UV treatment, some mice with the MC1R variant were given a small molecule that increases palmitoylation. These animals developed tumours more slowly than did the MC1R-variant mice that had not received the small molecule.
It has previously been shown 9 that the response of mouse melanocytes to UV can be mediated by neighbouring keratinocyte cells in the skin, which respond to DNA damage by producing the protein p53. This, in turn, induces synthesis of α-MSH, which activates MC1R in melanocytes 9 . The contribution of MC1R variants to the UV-damage response is multifaceted. First, cells with MC1R variants respond to α-MSH with less signalling activity than do cells that have wild-type MC1R, resulting in reduced eumelanin production, and therefore in a lower tanning response and failure to protect the skin from further UV damage. Second, MC1R variants are less able to stimulate the DNA repair in melanocytes that can protect the genome from cancer-causing mutations 10 . Finally, MC1R variants generate more phaeo melanin, which can have a carcinogenic role, promoting melanoma formation 11 . The observation that MC1R acts to protect against melanoma, and that an increase in MC1R palmitoylation enhances its function in both the wild-type and at least one partial loss-of-function variant, led the authors to suggest that increasing the palmitoylation status of MC1R in people with red hair might be a clinical strategy to prevent melanoma. Using sunscreen and trying to reduce sun exposure are well-established and usually effective measures for preventing skin cancer. However, the fact that individuals with MC1R variants have an increased risk of melanoma even when UV exposure is taken into account 12 suggests that there might be merits in testing whether palmitoylation could be used to prevent melanoma. It has previously been suggested 13 that another such strategy could be the use of drugs to enhance the signalling pathway downstream of MC1R, but this would activate a protective tanning response by melanocytes, even in the absence of UV exposure. Chen and colleagues' work reveals that increasing palmitoylation of MC1R could induce an MC1R response specifically as a consequence of UV exposure.
This effect may be specific to the given MC1R variant because it has been shown previously 14 that some MC1R red-hair variants, including one tested by Chen and colleagues, have reduced signalling ability because they fail to localize correctly to the cell membrane. It is 12 . The authors demonstrate that MC1R can bind fatty-acid molecules known as palmitates (a modification called palmitoylation), and show that this change can regulate the activity of the receptor. a, Wild-type MC1R exhibits higher levels of MC1R palmitoylation, which are associated with more-active receptor signalling, greater production of a melanin pigment called eumelanin rather than phaeomelanin, and the stimulation of DNA-repair pathways that can protect against DNA damage caused by ultraviolet rays. b, Some MC1R variants that the authors tested have lower palmitoylation, lessactive MC1R signalling, greater production of phaeomelanin rather than eumelanin and less-efficient DNA repair than wild type, explaining the greater risk of skin cancer associated with such variants. Using a mouse model of skin cancer, the authors treated animals that carried an MC1R variant associated with red hair colour and an increased risk of skin cancer with a small molecule to increase MC1R palmitoylation (not shown). They found that this treatment slowed the rate of tumour formation. The authors suggest that drug treatment to target MC1R palmitoylation might have clinical benefit in some circumstances. 
he growing market for electric vehicles and energy-storage systems has triggered a rapid increase in the demand for rechargeable batteries that are reliable, affordable and sustainable. However, there is mounting concern that conventional batteries, such as the lithium-ion batteries currently found in smartphones and many electric vehicles, might not fulfil future demand -both because of the limited availability of the metals needed to make them, and because of unpredictable costs and environmental issues associated with their use. Writing in Energy & Environmental Science, Kolek et al. 1 report a battery electrode based on an organic polymer that could help to overcome these challenges and provide long-lasting, affordable energy storage.
There have been increasing global efforts to generate electricity using renewable resources (such as solar and wind power) and to promote the widespread adoption of electric vehicles, to reduce the current dependency on fossil fuels. Rechargeable batteries are a key technology in these efforts, because the energy storage they provide helps to smooth out spatial and temporal fluctuations in energy supply and demand, and extend the distance that electric cars can travel before needing to recharge. A substantial rise in battery production is thus considered inevitable 2 . For example, full-size electric vehicles require batteries that can store at least 8,000 times more energy than smartphones 3, 4 . If electric-vehicle numbers were to grow to make up 10% of the worldwide car market, this alone would necessitate a fourfold increase in global battery production (see go.nature.com/2y19erv).
Battery electrodes -the components that hold charge -conventionally consist of transition-metal oxides, such as cobalt or nickel oxide. This presents a serious problem, because the availability of these transition metals is limited, and concentrated in certain (sometimes conflict-prone) countries, making production costs high 5 and unstable. In addition, the use of large amounts of transition metals is neither sustainable nor environmentally benign, because both their production and recycling generate substantial carbon dioxide emissions. Finally, electrodes based on transitionmetal oxides have already almost reached the theoretical limit of their charge capacity 6, 7 (the amount of charge available per unit weight), leaving little room for further improvement.
Organic materials have been studied as alternatives to transition-metal oxides for battery electrodes. These materials are potentially affordable, lightweight and sustainable, possible that these variants may be especially amenable to enhancement by palmitoylation, whereas others, which reach the cell surface but fail to signal, would not be enhanced by an increase in palmitoylation.
From a medical viewpoint, intervention to treat common genetic variation in healthy individuals is unlikely to be desirable. Moreover, people without red hair who carry a single copy of a variant MC1R gene have a raised melanoma risk 15 . Individuals who have an MC1R variant gene make up more than half of the northern European population 15 . Preventive treatment on this populationscale level seems unlikely. Nevertheless, the potential to stimulate DNA-repair pathways in melanocytes after UV damage, especially in people who lack MC1R, is an important concept for preventing onset of melanoma. Therapeutic intervention through activation of MC1R might therefore be appropriate in some clinical contexts.
Interestingly, many natural products contain palmitates. A palmitic-acid ester in oil from the lotus flower (Nelumbo nuficera) enhances melanin production when added to melanocytes grown in vitro 16 . Coconut oil is also rich in palmitates. Perhaps it is time to investigate the anecdotal claims that coconut oil can help you to tan? ■ Ian J. Jackson 1 report that poly(3-vinyl-N-methylphenothiazine) (PVMPT) has superior stability and conductivity compared with most other polymers that have been used as electrode materials for rechargeable batteries. b, The enhanced performance derives from strong interactions between groups in the side chains of different PVMPT molecules when the electrode is in its discharged and charged states. Me, methyl group; dots indicate unpaired electrons (free radicals); e − , electron transferred during charging and discharging.
(Adapted from Fig. 1 of ref. 1.) 
